Summary.-Mouse tumour cells were treated with various chemical modifiers. The number of modifying groups per cell was determined with labelled reagents.
INVESTIGATIONS directed towards determining the influence of chemical modification on the immunogenicity of antigens have been reported by several groups (Parish, 1971; Coon and Hunter, 1972; Thompson, Harries and Benjamini, 1972; Staab and Anderer, 1976) . In several cases stimulation predominantly of the cellular immune response could be achieved. In a recent review (Prager and Baechtel, 1973) some attempts have been recorded in which these immunological stimulations were used for the control of malignant neoplasms. Chemically modified tumour cells or tumour cell extracts were tested for their capacity to induce protection against the challenge of homologous native tumour cells. After immunization with tumour cells modified with N-ethylmaleimide or iodoacetate, Prager et al. (1971) found that mice could be protected against a subsequent challenge with viable tumour cells. The observed protection was due to a cellular immune response, since no humoral antibodies against the tumour cells could be detected in the immunized animals.
Other groups obtained some protection by immunizing the animals with tumour cells treated with acetic anhydride or formaldehyde (Yoshimura and Kaburaki, 1963; Panteleakis et al., 1971; Lin, Huber and Murphy, 1969) . The degree of protection ranged from very high to hardly any protection. A conclusive comparison cannot be made, as the investigators used different cell lines in their experiments. The malignancy of the different cell lines varied greatly, the LD1oo ranging from 102 to 106 tumour cells per animal. In addition, the conditions for the chemical modifications differed as well as the immunization schedules.
The aim of the present study was to survey the influence of various modifying chemicals on the immunogenic capacity of a mouse sarcoma tumour cell line. During the whole period of the study the tumour cells of 5 consecutive passages were used, exhibiting an LD100 Preparation of the cells.-The cells were grown in minimum essential medium supplemented with 10% of foetal calf serum (Dulbecco and Freemann, 1959) . The cells were harvested by treatment with trypsin, washed x 3 in ice-cold phosphate-buffered saline (PBS), and resuspended in PBS to give a standard concentration of 5 x 106 cells/ml.
Conditions of cell modification.-Generally, 10-ml portions of STU-D17 cells of standard concentration were reacted with the chemical reagents. In Table I the reaction conditions are listed of those modifying reagents which induced a significant immunogenic effect. In the case of modification with glutardialdehyde + butylamine both chemicals were added together. In the case of glutardialdehyde + EDC/methylamine the cells were washed after glutardialdehyde fixation, incubated in PBS for 18 h, followed by simultaneous addition of EDC and methylamine. Modification of cells was also performed with N-ethylmaleimide (50 mM), glutardialdehyde + methylamine (200 + 600 mM), glutardialdehyde + dimethylsulphate (200 + 50 mM), EDC + methylamine (2 + 150 mM) as well as by treatment with sodium peroxide (1 mM) followed by acetoacetylation with diketene (50 mM). Termination of the reactions was achieved by washing the modified cell samples 3 x with cold PBS. The modified cells were injected into the animals without delay.
For the determination of the number of modifying groups per cell, 5-ml portions of STU-D17 cells were reacted with 14C-labelled chemicals.
Immunization procedures. per group receiving only a challenge of viable tumour cells. When groups of mice were immunized with X-irradiated tumour cells, the cell samples were washed x 3 with cold PBS after exposure to 5000-6000 rad.
To study the influence of the interval between immunization and challenge, 3 groups of mice which had been immunized with tumour cells modified with formaldehyde received the challenge 42 days after immunization.
The effect of multiple immunization was studied with tumour cells modified with glutardialdehyde. The animals received 3 immunizations at weekly intervals, followed by challenge 2 weeks after the last immunization.
All samples of modified cells were tested for viability using groups of 10 mice. Each animal received an injection of 106 modified cells in 0-2 ml PBS, and the appearance of tumours was observed over a period of 1 10 days.
Serology. For comparative serological studies, the mice were bled 7 days after tumour challenge by puncturing the retroorbital sinus. The individual sera of each group were pooled. Serum dilutions 1: 20
were tested in a microcytotoxicity assay (Baldwin and Embleton, 1971) for cytotoxic antibodies directed against native STU-D17 cells. In addition, the sera were assayed in an indirect membrane fluorescence test (Beutner, Holborow and Johnson, 1967) using FITC-labelled rabbit anti-STU-immunoglobulin sera.
RESULTS
One of the factors influencing the immunogenicity of an antigen has been shown to be the number of modifying groups per antigen molecule (Parish, 1971; Staab and Anderer, 1976) . The immunogenic capacity to induce specific cellular immune responses increased with increasing numbers of modifying groups, but optimal effects were achieved before all the reactive sites of the antigen had reacted (Parish, 1971) .
For all types of chemical modification performed with STU-D17 tumour cells, saturation curves have been established using 14C-labelled reagents. In the range of saturation of some reactions, a considerable portion of the cells was destroyed, most probably as a result of intensive chemical modification. Therefore the concentration of the reagents was reduced to give at most 3000 loss of cells (see Table I ). The ratio of modifying groups per cell could be calculated on the basis of the specific radioactivity of the reagents, the labelling of the cells and the cell number. The data are listed in Table II . In the case of the reactions (Jasmin, Piton and Rosenfeld, 1968) . It is noteworthy that trypan blue uptake did not coincide with the loss of viability of the cells. In some cases only 20% of the modified cells showed trypan blue uptake, but no tumours developed when the cells were injected into mice.
In the course of the immunization experiment we determined the number of animals which remained tumour-free during 90 days after challenge with viable cells. For those mice which developed tumours, the mean survival time was calculated as an additional criterion for induced immunity against the tumour transplant. In Table III X-irradiated tumour cells showed at most up to 20% of tumour-free animals.
Most of the animals which developed tumours showed highly increased mean survival times. The maximum mean survival times were usually found in those groups which also had the highest percentage of tumour-free animals. It was found that these maxima were essentially dependent on the number of modified cells used for immunization. As can be seen from Table III, the best results were obtained with an immunizing dose of between 102 and 104 modified cells. Modification with dimethylsulphate and acetic anhydride as well as complex modification with glutardialdehyde/(EDC + methylamine) induced an almost equal increase in the immunogenicity of the STU-D 17 cells. These reactions also showed the optimal effect which had been found in the course of our work. All the other modified cell samples, including the X-irradiated cells, proved to be less efficient in inducing an immune response, but still showed significant tumouir protection and increased mean survival times.
Moreover, in the case of immunizations with cell samples modified with dimethylsulphate, diketene or glutardialdehyde/ (EDC + methylamine) and with X-irradiated cells, the challenge dosage was raised to 106 tumour cells. Tumour protection and increased mean survival time induced by dimethylsulphate-modified cells were as efficient as with the challenge of 105 tumour cells. In the other cases a significant but lower tumour protection was observed (Table III) .
In order to obtain some information on the persistence of tumour protection, in one experiment animals immunized with formaldehyde-treated cells received 105 viable tumour cells 42 days instead of 14 days after immunization. As can be seen from Table III , no tumour-free animals and only a moderate increase in the mean survival time were observed.
The effect of multiple immunization was studied with glutardialdehyde-treated cells, which induced only weak immunogenicity after a single immunizing injection. In this experiment, 3 injections at weekly intervals were given, followed by a challenge of 105 tumour cells 14 days later. Only a slight increase in tumour protection and in the mean survival time were obtained.
The persistence of tumour immunity after immunization and challenge was studied with tumour-free animals which had been immunized with glutardialdehyde/(EDC + methylamine) modified cells. A second challenge of 105 tumour cells was given 180 days after the first challenge. Ninety days later 80% of the animals were still tumour-free. All the other groups immunized with modified cell samples but not listed in Table III To characterize the type of immune response induced by the modified cell samples, the pooled sera obtained 7 days after the tumour challenge were assessed in the microcytotoxicity assay, and in the indirect membrane immunofluorescence test. With the exception of the animals which had been immunized with cells modified with N-ethylmaleimide or by treatment with Na202/diketene, no antibodies (i.e. less than 50 % cytotoxicity) could be detected in the sera of all the other groups with either method. 
DISCUSSION
For the interpretation of any effect on the immunogenicity of tumour cells which can be induced by chemically distinct modifying groups, it is of great importance that the antigenic patterns of tumour cells and experimental animals differ by nothing but tumour antigens. To meet these requirements we chose a syngeneic tumour cell line, thus excluding any effects due to differences in histocompatibility antigens.
On the other hand we thought it advantageous to work with modifying groups which were known to have no detectable haptenic character. With one exception, all modifying reactions with tumour cells as well as X-irradiation were carried on to the extent that the modified cells were no longer capable of cell division. The effects on the immunogenicity of the tumour cells were characterized by two parameters: tumour protection and mean survival time of tumourbearing animals. Tumour protection was established against a tumour challenge of 1000 or 10,000 times the LD100. Full tumour protection exceeding 90 days was thought to be sufficient, since this period is analogous to more than 5 years of human life.
Optimal tumour protection and in- It is noteworthy that several types of chemical modification of the tumour cells chosen for our study proved to be more efficient in inducing tumour protection than X-irradiation. The radiation-induced alterations of immunogenicity are compatible with the findings of other authors who had investigated leukaemic mouse cells (Lin, Huber and Murphy, 1969) .
In our study we selected modifying groups which were aliphatic, of small size and, when conjugated with proteins, were known to induce cellular immunity against protein antigens without inducing humoral antibodies against the modifying groups (Parish, 1971; Coon and Hunter, 1972; Thompson, Harries and Benjamini, 1972; Staab and Anderer, 1976; Benacerraf and Gell, 1959) . The number of modifying groups per cell differed from saturation by a factor of 2 at most, thus following the findings obtained with protein antigens (Parish, 1971; Staab and Anderer, 1976) . Considering the membrane structure and the type of chemical reagents used, one has to assume that the modifying groups had reacted with sites not only on the cell surface but also inside the cell. The chemical alterations on the cell surface induced by the modifying groups which led to an efficient increase in the capacity to induce a cellular immune response, can be generally correlated with changes of the charge pattern on the cell surface. All the modifying reactions investigated resulted in an overall reduction of charges. Dimethylsulphate reacts with amino groups without a change in the charge, and with SH-groups and phenolic OH-groups, but also with carboxylic groups (Staab and Anderer, 1976) thus reducing the total number of negative charges. The reaction of EDC and methylamine also diminishes the number of negative charges. A reduction of positive charges results from the reactions with acetic anhydride, diketene and with aldehydes.
On the basis of our results one has to question whether alterations of the surface charge pattern (i.e. reduction of negative and positive charges) do generally increase the immunogenic capacity by promoting a cellular immune response. It would be, therefore, of great interest to investigate the modification reactions which have proved to be efficient in our study in other syngeneic systems of tumour cells and experimental animals.
